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The measurements of electroweak sector of the Standard Model are presented, including most recent 
results from LEP, Tevatron and HERA colliders. The robustness of the Standard Model is illustrated 
with the precision measurements, the electroweak fits and the comparisons to the results obtained 
from low energy experiments. The status of the measurements of the W boson properties and rare 
production processes involving weak bosons at colliders is examined, together with the measurements 
of the electroweak parameters in ep collisions. 



1 Introduction 

The Standard Model (SM) of the elemen- 
tary particles has proven its robustness in the 
past decades due to extensive tests with in- 
creasing precision. In the present paper, the 
status of electroweak measurements in sum- 
mer 2005 are presented. First, the precision 
measurements from LEP and SLD colliders 
will be summarised" and the confrontation 
with the low energy experiments will be re- 
viewed. Then production of weak bosons at 
LEP, Tevatron and HERA will be presented. 
The constraints obtained from an electroweak 
fit over DIS data will be described together 
with the latest measurements from polarized 
electron data at HERA. Finally, prospects for 
electroweak measurements at future colliders 
will be briefly reviewed. 

2 The experimental facilities 

The LEP collider stopped operation in 2000, 
after providing an integrated luminosity of 
more than 0.8 fb -1 accumulated by each of 
the four experiments (ALEPH, DELPHI, L3 
and OPAL). The first stage (LEP I) running 
at Z peak was continued with a second pe- 

a The new averages of the W boson and top quark 
masses, made public 1 in july 2005 after the confer- 
ence, are included in this paper together with the 
corresponding results of the electroweak fit. 



riod (LEPII) with centre-of-mass energies up 
to 209, beyond the W pair production thresh- 
old. The physics at the Z peak was greatly 
inforced due to the polarised e + e~ collisions 
programme at the SLC. The SLD detector 
recorded a data sample corresponding to an 
integrated luminosity of 14 pb _1 , with a lu- 
minosity weighted electron beam polarisation 
of 74%. 

The Tevatron pp collider completed a 
first period (Run I) in 1996. After an up- 
grade, including the improvement of the two 
detectors CDF and DO, a second high lu- 
minosity period started in 2002. In sum- 
mer 2005 the delivered integrated luminosity 
reached 1 fb -1 . The completion of the second 
part of the programme (Run II) is forseen in 
2009 with a goal of 4 to 8 fb" 1 . 

The unique e ± p collider HERA is 
equiped with two detectors in collider mode 
HI and ZEUS. After a first period with unpo- 
larised collisions (HERA I, 1993-2000), in the 
new stage (HERA II) the collider provides 
both electron and positron-proton collisions 
with e ± beam polarisation of typically 40%. 
The HERA programme will end in 2007 with 
a delivered luminosity around 700 pb _1 . 

The situation of the high energy colliders 
in the last 15 years was therefore a favourable 
one, with all three combinations of collid- 
ing beams e + e~, pp and ep. The most pre- 
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cise testing of the weak interactions is done 
at e + e~ colliders (LEP and SLC), where Z 
bosons are produced in the s-channel in a 
clean environment with sufficient luminosi- 
ties. The hadronic collider (Tevatron) pro- 
duces large samples of weak bosons and en- 
ables complementary studies at higher ener- 
gies, including the measurement of the top 
quark properties. In ep collisions, the ex- 
change of space-like electroweak bosons in 
the t channel leads to new experimental tests 
of the Standard Model. The high energy ex- 
periments are complemented by low energy 
measurements that test the electroweak the- 
ory with high precision far below the weak 
boson masses. 



The precision measurements, the 
electroweak fits and comparisons 
with low energy data 



m z [GeV] 
r z [GeV] 

R, 

Rc 

A? b 

\ 
A c 

A,(SLD) 
sinXT(Q„ 
m w [GeV] 
r w [GeV] 
m. [GeV] 



Measurement 



Fit |O meas -O m |ta m 



0.02758 ± 
91 .18751 
2.4952 ± 
41 .540 ± 
20.767 ± 
0.01 71 4 ± 
0.14651 
0.21 629 ± 
0.1721 ± 
0.0992 + 
0.0707 ± 
0.923 + 
0.670 ± 
0.1513 + 
I 0.2324 + 
80.410 + 
2.123 + 
172.7 + 



0.00035 

0.0021 

0.0023 

0.037 

0.025 

0.00095 

0.0032 

0.00066 

0.0030 

0.0016 

0.0035 

0.020 

0.027 

0.0021 

0.0012 

0.032 

0.067 

2.9 



91.1874 
2.4959 
41 .478 
20.742 
0.01643 
0.1480 
0.21579 
0.1723 
0.1038 
0.0742 
0.935 
0.668 
0.1480 
0.2314 
80.377 
2.092 
173.3 



3. 1 The precision measurements from 
high energy experiments 

The Standard Model is tested using a set of 
precison mesurements at e + e~ colliders close 
to the Z peak. Those measurements, which 
were finalised recently 2 , include data from 
the LEP experiments and the SLD detector 
at the SLC. 

The two fermion production is measured 
using the flavour tag of the final state (lep- 
tons I and the b and the c quarks). More than 
f 000 measurements are used to extract a few 
observables that have simple relations to the 
fundamental parameters of the SM. The ob- 
servables set include: the cross sections and 
its dependence on the yfs (line shape given 
by Z mass mz 1 width Tz and the hadronic 
pole cross section cr° ad ) and on final state 
flavour (partial widths Ri^,c), the forward- 
backward asymmetries (Afb), the left-right 
asymmetries (A^r, measured for polarised 
beams or using the measured polarisation of 
the final state tau leptons). Moreover, the 
measured asymmetries are used in order to 
extract the asymmetry parameters that are 



Figure 1. The observables of the SM electroweak test 
compared with the values predicted from the fit. The 
pulls are also graphically shown and display a con- 
sistent picture of the Standard Model. The largest 
deviation is found for A b FB , slightly below 3o\ 



directly related to the ratio of axial and vec- 

o 9 f v /g' A 



tor couplings A 

J i J _ 



In the SM, 



g v /g A = 1 - 4IQ/I sin 2 { cS , where Q f is the 
fermion charge and sin 2 9 e e the effective weak 
mixing angle, defined as the weak mixing an- 
gle including the radiative corrections. 

In order to relate the measurements to 
the fundamental constants of the SM, a sim- 
ple parameter set is chosen. This includes the 
fine structure constant a(0), the strong cou- 
pling a s , the mass of the Z boson mz and 
the Fermi constant Gf (related in practice 
to the W boson mass). All fermion masses 
are neglected except the top quark mass 
mtop- The Higgs boson mass mniggs plays 
a special role, due to its contribution to the 
radiative corrections. The observables are 
corrected for experimental effects and com- 
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pared to the predictions from the Standard 
Model 0(a,a s ,mz,GF,mtop,mm sss ). The 
QCD and electroweak radiative corrections 
are needed to match the experimental accu- 
racy. The observables are therefore calcu- 
lated with a precision beyond two loops. The 
fermion couplings g A v that enter most of the 
observables depend via the radiative correc- 
tion logarithmically on mniggs and quadrat- 
ically on m t0 p. This dependence allows the 
indirect determination of mniggs and m t0 p. 

The running with energy of the electro- 
magnetic coupling has to be taken into ac- 
count in the radiative corrections. The run- 
ning can be calculated analytically with high 
precision for the photon vacuum polarisa- 
tion induced by the leptons and by the top 
quark. In constrast, the contribution due to 
the five light quark flavours Ao^ ad is non- 
perturbative and has to be deduced from the 
measured e + e~ — > hadrons cross section via 
the dispersion relations. The determination 
of Aa|^ d has been recently updated 3 by in- 
cluding the new data from the p resonance 
measured by CMD-2 4 and KLOE 5 . Despite 
a precision improvement by more than a fac- 
tor of two in the p region, the impact on 
Aa llad precision is modest. QCD based as- 
sumptions may lead to an improved accu- 
racy of the Aq^j extraction 6 . More preci- 
sion measurements of hadron production in 
e + e~ collisions at low energy (in prepara- 
tion) can bring significant improvements for 
the consistency checks of the SM. In addition, 
the hadronic vacuum polarisation estimates 
based on this data are also of high interest for 
the (g ~~ 2)^ measurement, for which a 2.7a 
discrepancy between the observation and the 
theory persists 6 ' 7 . 

The list of the measured observables, 
using latest input from the LEP and SLC 
experiments 1 is shown in figure 1. The fit 
of the observables in the SM framework is 
taken as a consistency check of the SM. The 
pulls of the observables plus the Aa^ ad are 
also shown in figure 1. The picture dis- 
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Figure 2. The comparison of the direct measurements 
and indirect determinations of the top quark and W 
boson masses. The band indicates the SM constraint 
from the Gp precise measurement for a range of Higgs 
masses. The confidence domain from the LEP1 and 
SLD data is compared with the direct measurement 
from LEP2 and Tevatron. 



plays both the tremendous precision achieved 
by the electroweak tests and also the very 
good consistency of the SM. The most sig- 
nificant deviation, close to 3(7, is given by 
the forward-backward asymmetry of the b- 
quarks, Ap B . For this combined measure- 
ment, the individual values from various ex- 
periments and using different methods show 
very consistent results. 

Subtracting the visible partial widths 
r^,b )C deduced form the individual cross sec- 
tion from the total Z width measured form 
the line shape, an invisible width can be de- 
duced. Assuming that the invisible width is 
due to neutrinos with the same couplings as 
predicted by the SM, the number of neutrino 
flavours is determined to be N v — 2.9840 ± 
0.0082, in agreement with the SM expecta- 
tion of three fermion generations. 

An important ingredient for the SM con- 
sistency check is the direct measurement of 
the top quark mass. Together with the direct 
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■ Theory uncertainty 
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Figure 3. The \ 2 °f the SM fit, including the mea- 
sured top quark mass, as a function of the Higgs bo- 
son mass. The results using two different estimations 
of AaP^. are shown together with the \ 2 °f the fit 
including the low energy data, described in the sec- 
tion 3.2. The theoretical error is indicated as a band. 



formalism M H < 186 GeV at 95% CL. When 
the direct lower limit M Higgs > H4 GeV is 
taken into account, the upper bound is found 
to be M H < 219 GeV at 95% CL. 

3.2 The electroweak precision 

measurements at lower energies 
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Figure 4. The measurements of effective mixing angle 
at various energies (Q) compared with the theoretical 
prediction. 



determination of the W boson mass, to be 
discussed later, it consitutes a powerful test 
of the SM consistency. The new techniques 
and data samples from Run II improved the 
measurement of the top quark mass at Teva- 
tron. The new average 8 , including recent 
measurement by the CDF and DO collabora- 
tions is m top = 172.7 ±2.9 GeV, a measurea- 
mcnt which displays a dramatic improvement 
with respect to the previous error of 4.3 GeV 
(before the summer 2005). The comparison 
of the measured and fitted top and W masses 
is shown in figure 2. The direct and indirect 
determinations arc in agreement and favour 
low rriHiggs- Due to close connections between 
the electroweak correction involving the top 
quark and Higgs boson, the precison of the 
top mass measurement is crucial for the in- 
direct constraints on the Higgs mass. The 
new fit of the Higgs boson mass from the 
electroweak model is shown in figure 3. The 
new value of the fitted Higgs mass is Mh = 
91 1 32 GeV with an upper limit within the SM 



Measurements of parity violation in the 
highly forbidden 6S-7S transition in Cs of- 
fer a way to test with high precision the 
SM 11 . Due to its specific configuration with 
one valence electron above compact elec- 
tronic shells, the theoretical calculation of 
the transition amplitude achieves 0.5% pre- 
cision which allows the extraction with low 
ambiguities of the value for the nuclear weak 
charge 12 . The weak charge of the nucleus de- 
pends linearly on the weak charges on the u 
and d quarks contained by the nucleons and 
interacting with the valence electron via j/Z 
in the t-channel. The weak charge Q w can 
therefore be written as a function of the effec- 
tive weak mixing angle that can be measured 
in this way at very low (atomic-like) energies. 

The weak interactions can be tested at 
low energies via parity violating reactions. 
Using the end of beam at the SLC, polar- 
ized electrons are scattered off unpolarised 
atomic electrons (E158 expriment). The po- 
larised Moller scattering e~e~ — >■ e~e~ offers 



the opportunity to extract sin 9 c g from cross 
section helicity asymmetry. This observable 
is related to the weak mixing angle that can 
be inferred with high precision 10 at an energy 
of 160 MeV. 

A classical way to access the weak sec- 
tor at any energy is to measure neutrino in- 
duced processes. In the case of neutrino- 
nucleon scattering studied by the NuTcV 
experiment 9 , the ratio of neutral current 
to charged current cross sections R v = 
(Tcc/fNC is sensitive to the effective weak 
mixing angle, but subject to many systematic 
uncertainties related to the nucleon struc- 
ture. Using both neutrino and anti-neutrino 
beams, the experimental results are com- 
bined using the Pachos-Wolfenstein method 

R - = OnC - cr Nc)/( Cr CC - °CC)> fOT Which 

large cancellations of systematical errors are 
expected. This ratio accesses the effective 
weak mixing angle and is also sensitive to the 
neutrino and quark weak couplings. When 
SM couplings are assumed, the mixing an- 
gle measured by NuTeV is different from the 
SM prediction at 3.2a level. Missing pieces 
in either the theoretical prediction or in the 
theory error associated to the measurement 
are still under investigation . 

The measurement of the effective weak 
mixing angle at high and low energy can be 
used to test the electroweak running 13 . The 
result is shown in figure 4. Good agree- 
ment is found with the theoretical predic- 
tion, except for the NuTeV measurement dis- 
cussed above. Precise measurements at en- 
ergies beyond Mz, as expected at the next 
e + e~ collider will test the predicted increase 
of sin 2 9$ with energy. 

3.3 The direct measurement of the 
running of a 

The running of the electromagnetic cou- 
pling has been observed by the OPAL ex- 
periment using low angle Bhabba scattering 
e + e~ — * e + e -15 . The scattered electrons and 



positrons are detected close to the beampipe 
by two finely segmented calorimeters that al- 
low the measurement of the scattering angles. 
The transfered momentum t is therefore re- 
constructed and the variation of the cross sec- 
tion as a function of t can be measured. The 
cross section is directly proportional to the 
square of the electromagnetic coupling and 
inversely proportional to t 2 . The electromag- 
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Figure 5. \t\ spectrum normalized to the theoretical 
prediction for a fixed coupling (Act = 0). 



netic coupling is expected to run with the 
collision scale, given by t. The t spectrum 
normalised to the theoretical prediction for 
a fixed coupling is shown in figure 5. The 
difference of the measured event rates in t 
bins and the theoretical prediction for no a 
running shows a clear dependence on t. This 
evidence at 5a level is compatible with the in- 
terpretation of a(t) running. When the pure 
electromagnetic running is taken into account 
in the theory, the remaining difference can be 
attributed to the hadronic component run- 
ning that is in this way directly measured at 
3a level. 
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4 The weak bosons production 
and properties 

4-.1 The production ofW and Z bosons 

The weak boson production mechanisms at 
LEP2 and Tevatron provide a test of the SM. 
In addition, the weak boson samples can be 
used to study their decay properties and fur- 
ther constrain the Standard Model. 

W pair production at LEP has been stud- 
ied as a function of the centre-of-mass energy. 
The production cross-section variation with 
energy, flattens off at values around 15 pb, as 
expected from the SM, including the triple 
boson coupling ZWW. This behaviour is 
therefore directly related to the gauge struc- 
ture of the Standard Model and constitutes 
an evidence for the non-abelian internal sym- 
metry of the electroweak sector. 

The W and Z bosons can be singly pro- 
duced in pp collisions at Tevatron via the 
Drell-Yan process qq — > W. The production 
crosss section is sensitive to the parton distri- 
bution functions. From this point of view, the 
production mechanism is also a convenient 
test ground for QCD, since the radiative cor- 
rections apply only to colliding partons and 
decouple from the produced bosons. The W 
and Z production cross sections measured in 
pp collisions at Tevatron are measured us- 
ing the leptonic decay channels in e, (i or r. 
The results 16 obtained from Run I (\/(s) = 
1.8 TeV) and Run II (y^s) = 1.96 TeV) are 
shown in figures 6 and show a good agree- 
ment with the NNLO calculation 17 . 

4-2 The W mass, width and branching 
ratios 

The W harvest is also used to study the 
W properties like the mass, the branching ra- 
tios and the width. The latest world aver- 
age between the LEP and the Tevatron Run 
I measurements yields a Mw — 80.410 ± 
0.032 GeV. The direct measurement agrees 
with the indirect determination from the 
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Figure 6. Measurements of the VFand Z boson pro- 
duction cross section as a function of y/s at Tevatron. 
Data from CDF and DO experiments obtained from 
various channels are compared with the theoretical 
prediction based on a NNLO QCD calculation. 



LEP and SLD electroweak fit, including the 
M top constraint M w = 80.364 ± 0.021 GeV. 
The average include a recent final result 
published by the OPAL Collaboration 18 , for 
which a careful evaluation of the main sys- 
tematical errors related to the colour recon- 
nection and Bose-Einstein correlations to- 
gether with an increased data sample allowed 
an improvement of the sytcmatical error from 
70 to 56 MeV. This final precision of one LEP 
experiment is already better than the one 
of the combined result from Tevatron Run 
I and UA2 measurements 19 M™ nI+UA2 = 
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80.456 ± 0.059 GeV. 

W pair production at LEP is a favourable 
configuration to measure W branching frac- 
tions. The decay to electron channel and to 
muon channel are found to be in very good 
agreement. However, the tau decay branch- 
ing fraction is measured consistently by the 
four LEP experiments higher than the aver- 
aged electron and muon channel. This effect 
at 2.9cr is for the time being one of the largest 
deviations in the SM precision tests. Future 
measurements of W — > r branching ratio are 
expected from Tevatron. 

The W width can be measured directly 
from the invariant mass spectrum at LEP, 
where high precision can be achieved via a 
kinematic fit based on the energy-momentum 
conservation. At Tevatron, where only the 
leptonic channel is measurable, the trans- 
verse mass spectrum is sensitive to the W 
width in the tail at high mass. Finally, an in- 
direct determination can be achieved exploit- 
ing the ratio of the W and Z cross section 
and using the precisely measured Z parame- 
ters and the theoretical prediction of the cross 
section ratios, for which most of the QCD un- 
certainties cancel out. 

The present average of direct determi- 
nation from LEP and Tevatron Run I is 
r^ rect = 2.123 ± 0.067, while the indirect 
determination from Run I data is 2.141 ± 
0.057. A recent direct determination 20 from 
Run II data by DO still display large errors 
2.011 ± 0.136 GeV, while an indirect deter- 
mination using the cross section ratio mea- 
sured by CDF already improves the Run I 
value 2.079 ±0.041 GeV. The value obtained 
from the LEP1 and SLD clectroweak fit is 
extremely precise 2.091 ± 0.002 GeV and in 
agreement with the direct and indirect deter- 
minations from LEP and Tevatron. 



4-3 The A-fb from e + e production at 
Tevatron. 

The measurement of lepton pair production 
at Tevatron, produced via the Drell-Yan pro- 
cess qq — > £ + £~ provides complex informa- 
tion about both the proton structure and the 
electroweak effects in new energy domain. In 
particular, electron pair production can be 
used to measure the forward-backward asym- 
metry as a function of the pair mass. The 
result obtained by the DO collaboration 21 is 
shown in figure 7. The characteristic change 
of sign is observed around the Z mass, sim- 
ilar to the much more precise measurement 
from LEP. From the measured asymmetry, 
the effective weak mixing angle is extracted 



by CDF 



22 „• 2 ncS 

sin t) w 



0.2238 ± 0.0050, in 



good agreement with the value measured at 
LEP from the forward-backward asymmetry 
0.2324 ± 0.0012. At large invariant masses, 
the deviation from the SM prediction may 
indicate the production of a heavier neutral 
boson Z' , in case it has similar couplings to 
fermions as in the SM. 
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Figure 7. The ApB as a function of the e + e invari- 
ant mass measured at Tevatron. 
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Table 1. Summary of the results of searches for events with isolated leptons, missing transverse momentum 
and large hadronic transverse momentum at HERA. The number of observed events is compared to the SM 
prediction. The W component is given in parentheses in percent. The statistical and systematic uncertainties 
added in quadrature are also indicated. 



obs./exp.(W) 


Electron 


Muon 


Tau Hl:105 pi," 1 


HI 

211 pb" 1 


Full sample 


25 / 20.4 ± 2.9 (68%) 


9 / 5.4 ± 1.1 (82%) 


5/5.8 ± 1.4 (15%) 


> 25GeV 


11 / 3.2 ± 0.6 (77%) 


6/3.2 ± 0.5 (81%) 


0/0.5 ± 0.1 (49%) 


ZEUS 

130 pb" 1 
106 ph~l w 


Full sample 


24 / 20.6 till (17%) 


12 / 11.9 t°i (16%) 


3 / 0.40 toil ( 49% ) 


> 25GeV 


2 / 2.90 toil (45%) 


5 / 2.75 toil ( 50% ) 


2 / 0.20 t° ° l (49%) 


> 25GeV 


1/1.5 ± 0.2 (78%) 







4-4 Rare W and Z production processes 

At LEP2, in contrast to W pair produc- 
tion, single boson production (W or Z) is a 
rare process with cross sections below 1 pb. 
The final state contains four fermions, with 
only one fermion pair consistent with the bo- 
son mass. The comparison to the Standard 
Model provides a test in a low density phase 
space region, where new phenomena can oc- 
cur. The cross section is typically 0.6-0.9 pb 
for single W production and 0.5-0.6 pb for 
single Z production at ^fs = 182 - 209 GeV. 

At Tcvatron, where weak bosons are mas- 
sively singly produced, boson pair occur with 
a much lower rate. The associated Wj or Zj 
production processes, with the weak bosons 
decaying into leptons, have cross sections 
close to 20 pb and 5 pb respectively 23 . The 
pair production of weak bosons is a partic- 
ularly interesting process due to the spec- 
tacular final state and because it constitutes 
the main background for the search of the 
Higgs boson for mmggs > 150 GeV. While 
WW production has been measured 24 ' 25 , the 
search for WZ and ZZ production 26 ' 27 have 
not been successful with the present luminos- 
ity and upper limits around 13—15 pb at 95% 
CL have been calculated, for a total SM pre- 
diction of 5 pb. 

The single W can also be produced in 
e ± p collisions at HERA, with a cross section 
around 1 pb. The main production mecha- 
nism involves a fluctuation of photon emitted 
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Figure 8. The transverse momentum of the hadronic 
system in events with isolated electrons or muons 
and missing Pt measured by the HI experiment at 
HERA. 



by the electron into a hadronic state, followed 
by the collision with the proton which leads 
to a qq' fusion into a W boson. In case of 
leptonic decay of the W, the final state con- 
sist of an high transverse momentum isolated 
lepton, missing transverse energy and possi- 
bly a low Pt hadronic system X. The HI 
collaboration reported 28,29 the observation of 
such events and measured the cross section 
as a function of the hadrons transverse mo- 
mentum (P>jf). While a good agreement is 
observed at low P* , a few spectacular candi- 
dates are observed at large Pjf . The events 
continue to be observed at HERA II 30 by the 
HI Collaboration which has analysed a total 



For Publisher's use 



sample corresponding to an integrated lumi- 
nosity of 211 pb _1 . The distribution of the 
transverse momentum of the hadronic system 
is shown in figure 8, where the excess of ob- 
served events at large P^f is visible. 

The ZEUS collaboration has investigated 
their data with a different analysis strategy, 
with less purity for the SM W signal, the full 
HERA I data set and observes some events at 
large , but no prominent excess above the 
SM prediction 31 . Recent modified analysis 
of the electron channel only, performed us- 
ing a similar amount of data (but combining 
partial HERA I and II data sets) also do not 
support the HI observation 32 . ZEUS collabo- 
ration observes events with tau leptons, miss- 
ing transverse momentum and large hadronic 
transverse momentum, while no such event is 
observed by HI. The results are summarized 
in table 1. More incoming data will help to 
clarify this issue, which is at present one of 
the most intriguing results from HERA. 

5 The measurement of the 

electroweak effects at HERA 

5.1 Combined QCD/ 'Electroweak fit of 
DIS data 

The deep inelastic collisions at HERA are 
classically used to extract the proton struc- 
ture information 33 ' 34 . More than 600 mea- 
surement points of the charged and neu- 
tral current double differential cross section 
dcr ,NC / dxdQ 2 , where x is the proton mo- 
mentum fraction carried by the struck quark 
and Q 2 is the boson virtuality, have been 
used together with other (fixed target) mea- 
surements to extract the parton distribution 
functions. Due to the high ep centre-of-mass 
energy (320 GeV), the proton is investigated 
down to scales of 10~ 18 m. The point-like na- 
ture of quarks is tested in the electroweak 
regime, where the proton is "flashed" with 
weak bosons. This experimental configura- 
tion allows to separate quark flavours within 
the proton and to improve the precision with 
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Figure 9. The allowed region at 65% CL in the 
plane (Gf,M^° p ) obtained from the combined 
electroweak— QCD fit of the DIS data. 



which the parton distribution functions are 
extracted. Conversely, the electroweak sec- 
tor can be investigated using the knowledge 
of the proton structure. 

Recently, a consistent approach has been 
adopted by the HI Collaboration 35 , perform- 
ing a combined QCD-electroweak fit. The 
strategy is to leave free in the fit the EW pa- 
rameters together with the parameterisation 
of the parton distribution functions. 

An interesting result is related to the so- 
called propagator mass M^° P , that enters a 
model independent parameterisation of the 
CC cross section: 



d2<J cc 
dxdQ 2 



2nx 



Ml 



Ml 



CC, 



where Gf is the Fermi constant and $cc 
is the reduced cross section that encapsu- 
lates the proton structure in terms of par- 
ton distribution functions. If the Fermi con- 
stant Gf and the propagator mass are left 
free in the fit, an allowed region in the 
(G_F,M{y° p ) plane can be measured. The 
result is shown in figure 9. By fixing Gf 
to the very precise experimental measure- 
ment, the propagator mass can be extracted 



1 


HI H 


W v d- a d- pDF 






CDF 


0.5 


68% CL LEP ^ 











0.5 








* Standard Model 






LEP preliminary 




-1 








CDF 

" , , i , i , , i , , , , i , , 






-1 -0.5 


0.5 1 



Figure 10. Axial and vector couplings of the u-quark 
measured from the combined electroweak— QCD fit at 
HERA and compared with measurements from LEP 
and Tevatron. 

and amounts in this analysis to M^ op = 
82.87±1.82(exp.)t°;3°(model) GeV, in agree- 
ment with the direct measurements. 

If the framework of SM model is as- 
sumed, the W mass can be considered as 
a parameter constrained by the SM rela- 
tions and entering both the cross section and 
the higher order correction. In this fitting 
scheme, where M\y depends on the top and 
Higgs masses, the obtained value from DIS 
is M w = 80.709 ± 0.205(exp)±g;{$j (mod) ± 
0.025(top) ± 0.033(th) - 0.084(Higgs) GeV, 
in good agreement with other indirect de- 
terminations and with the world average. 
The fit value can be converted into an in- 
direct smOw determination using the rela- 

tion sin 9yy = 1 assumed in the on 

mass shell scheme. The result sin 2 8y/ = 
0.2151±0.0040 ea! p.±g;OTi?|t/ l) obtained for the 
first time in from e^p collisions, is in good 
agreement with the value of 0.2228 ± 0.0003 
obtained from the measurements in e + e~ col- 
lisions at LEP and SLC. 

Due to the i-channel electron-quark scat- 
tering via Z bosons, the DIS cross sections 
at high Q 2 are sensitive to light quark ax- 



ial (a g ) and vector (v q ) coupling to the Z. 
This dependence includes linear terms with 
significant weight in the cross section which 
allow to determin not only the value but also 
the sign of the couplings. In contrast, the 
measurements at the Z resonance (LEP1 and 
SLD) only access av or a 2 + v 2 combinations. 
Therefore there is an ambiguity between ax- 
ial and vector couplings and only the relative 
sign can be determined. In addition, since 
the flavour separation for light quarks cannot 
be achieved experimentally, flavour universal- 
ity assumptions have to be made. The Teva- 
tron measurement 22 of the Drell-Yan process 
allows to access the couplings at an energy 
beyond the Z mass resonance, where linear 
contributions are significant. The measure- 
ments of the w-quark couplings obtained at 
HERA, LEP and Tevatron are shown in fig- 
ure 10. The data to be collected at Tevatron 
and HERA as well as the use of polarized e^- 
beams at HERA open interesting oportuni- 
ties for the light quarks couplings measure- 
ments in the near future. 



5.2 e collision with polarised lepton 
beam 

The polarisation of the electron beam at 
HERA II allows a test of the parity non- 
conservation effects typical for the elec- 
troweak sector. The most prominent effect 
is predicted in the CC process, for which 
the cross section depends linearly on the e ± - 
beam polarisation: cr c P (P) = (1±P)ct p= q. 
The results 36 ' 37 obtained for the first time in 
e^p collisions are shown in figure 11. The 
expected linear dependence is confirmed and 
constitute supporting evidence for the V-A 
structure of charged currents in the Standard 
Model, a property already verified more than 
25 years ago, by measuring the polarisation 
of positive muons produced from z^-Fe scat- 
tering by the CHARM experiment 38 . 
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Figure 11. The dependence of the total CC cross sec- 
tion of the e^-beam polarization at HERA. 



6 Outlook 

The present experimental activity towards 
electroweak measurements continues to pro- 
vide increasing endurance tests for the Stan- 
dard Model. The LEP analyses are final 
in many aspects and the results still play a 
key role in the present understanding of the 
electroweak symmetry breaking mechanism. 
The incoming data from Tevatron has good 
chance to take over in many aspects, espe- 
cially concerning the weak boson properties, 
but also to extend the area of the measure- 
ments beyond LEP energies. At HERA, a 
consistent approach of the electroweak and 
QCD processes will certainly bring valuable 
information in the near future. The low en- 
ergy measurements provide not only a cross 
check but also a solid testing ground for the 
electroweak sector, for which surprises are 
not excluded. 

The future colliders will test the elec- 
troweak sector with high precision 39 . At 
the LHC, the electroweak physics will mainly 
profit from the huge increase in the weak 
boson production cross-section. In the fore- 
seen experimental condition the precision on 
the W mass measurement should approach 



15 MeV while the top quark mass will be 
measured at 1 GeV level. The next e + e~ 
linear collider will improve the precision on 
M\y to below 10 MeV while the top mass will 
be measured to 100 MeV. Similarly to the 
present situation, the precise measurements 
of the electroweak sector will allow to set in- 
direct limits on the new physics, that might 
well be beyond the direct reach of the future 
colliders. 
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